OBJECTIVE: This study analyzed the cost and utilization of health care services before and after the initiation of insulin in treating patients with type 2 diabetes mellitus (DM) to determine if disease-related and total health care costs decreased after patients were started on insulin therapy. METHODS: 1,177 patients with type 2 DM between the ages of 18 and 65 years and continuously enrolled in a managed care organization for 9 months before and after their insulin start date were included in the study. Medical, facility, and pharmaceutical services in the preinsulin and postinsulin time period were examined along with a subanalysis of all types of medical service categories. Trending analysis was performed by dividing the postinsulin time period into mutually exclusive 2-month periods. The cost of total and disease-related services were studied over these intervals.
Analysis of Cost and Utilization of Health Care Services
Before 1 Diabetes mellitus (DM) is representative of this phenomenon. The prevalence of diabetes increased by approximately 40% during the 1990s 2 and currently afflicts an estimated 16 million Americans, 95% of whom have type 2 DM. 3 Therapeutic choices for treating DM have continued to evolve, with 12 new drugs, including 3 new insulin analogs and 4 new classes of drugs, becoming available within the last 8 years. Prescription medications is the fastest growing sector by expenditure among health-related services in the United States, 1 but spending on prescription drugs can be cost effective. [4] [5] [6] Diabetes mellitus is associated with significant human and economic burdens. Diabetes is the leading cause of adult-onset blindness, end-stage renal disease, and nontraumatic amputation and is a major contributor to cardiovascular disease. 7, 8 Approximately 50% of type 2 DM patients have diabetes-associated complications at the time of diagnosis. 9 The economic cost of diabetes in 2002 was estimated at $132 billion, with an estimated $92 billion in direct costs. 10 Much of the direct costs of diabetes is associated with the inpatient treatment of diabetesrelated complications. Patients with diabetes have per capita medical expenses almost two-and-a-half times higher than their nondiabetic counterparts. 11 Most patients with type 2 DM eventually fail oral therapy, requiring insulin therapy for disease management. Initially, about one third of patients with type 2 DM require insulin injections to manage their disease. The long-term need for insulin in patients with type 2 DM is even greater since the use of sulfonylurea and metformin therapy is associated with an approximate 20% to 25% primary failure rate and a secondary failure rate of 5% to 7% per year.
In the United Kingdom Prospective Diabetes Study, at 9 years, fewer than 25% of patients receiving a sulfonylurea or metformin were adequately controlled (i.e., fasting blood glucose <140 mg/dL or hemoglobin A1C <7%). [12] [13] [14] Due to factors such as increased risk of severe hypoglycemic episodes, the need to teach patients appropriate insulin use techniques, concern of weight gain, and concerns of the possible exacerbation of hyperinsulinemia and the dysmetabolic syndrome,
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in patients failing oral therapy. 16 This study compared the utilization and costs associated with diabetes-related health care services and total health care services before and after the initiation of insulin therapy in patients with type 2 DM.
■■ Methods
Using administrative claims data, a retrospective cohort analysis was performed of the cost and utilization of health care services for patients with type 2 DM who were started on insulin. Two study perspectives were employed in this project: (1) an overall aggregate analysis using the entire preinsulin and postinsulin period as the time unit for the study, and (2) a postinsulin trending analysis. Short-term was defined as the 2-month time period immediately after the initiation of insulin and long-term defined as the 6-to 8-month period following insulin start.
Data Sources and Study Population
The study population was identified from a managed care database of 12,663,986 members with both medical and pharmacy claims data during a 4-year period between January 1, 1997, and December 31, 2000. The database included medical and pharmacy claims, demographic markers (such as age, gender, and geographic region), provider information (primary care, specialty care, and place of service), and member eligibility, the latter being critical to determining continuous enrollment status. The following inclusion criteria were applied to the entire population to identify the subset of patients with type 2 DM (ICD-9 CM and Generic Product Identifier [GPI: first 4 characters of the 14-character identifier] codes defined in Table 1 Following the identification of patients with type 2 DM in the overall data set, the final study sample was defined from this population based on the following criteria:
• patients between the ages of 18 and 65 years, • insulin initiated as part of the patient' s drug therapy, • eligible in the database for 9 months before and after insulin initiation (18 months of total continuous enrollment), • treatment with oral antidiabetic medications before insulin initiation, and • patient health coverage included medical and pharmacy benefits during the entire database eligibility period. This population was subsequently used for data comparison and analysis. The following exclusion criteria were applied: • members not continuously enrolled in the database, • members with an ICD-9 CM diagnosis of 250 and receiving insulin exclusively, • members with ICD-9 CM diagnosis of 250.x1 and/or 250.x3 (type 1 DM) exclusively, and • members without medical and pharmacy benefits during their database eligibility.
The Hierarchical Coexisting Condition model, a diagnosisbased risk-assessment model, was used to identify patient comorbidities. 17 Multiple regression analysis was performed using the identified comorbidities, patient age, gender, and region to evaluate the statistical power of these variables in explaining the differences in costs before and after the start of insulin.
Pricing Standardization
Medical and pharmacy costs were standardized across health plans. For professional and ancillary services, a uniform fee schedule was applied based on the resource-based relative value scale.
18 Facility inpatient service pricing was based on an estimated per diem cost, taking into account the diagnostic service category of the facility, the presence of a major surgery, the presence of an ICU stay, and the length of stay. Inpatient price stan- dardization was calculated to control for variations in inpatient reimbursement found among health plans. Pharmacy pricing was based on an average payment schedule using observed payments (plan payment amount after subtraction of prescription copayments) per unit of metric quantity in the database. For example, the average plan payment amount per unit for each medication was calculated and applied across the database in order to avoid any biases created with different benefit designs or pharmacy contracts.
Diagnosis and Drug Identification Code References

Data Analysis and Measures
Utilizing insulin initiation as the defined trigger event, patients with type 2 DM with 9 months of continuous enrollment in the dataset before and after the trigger event were identified. Analyses of overall costs and utilization of and overall health care services during preinsulin and postinsulin 9-month time periods were performed. Measures included medical, pharmacy, and confinement (defined as inpatient facility) costs, with the insulin trigger event included in the postinsulin pharmacy category. Services provided to the study cohort were assigned to one of 29 mutually exclusive types of services (TOS) categories. Results are reported for unadjusted and truncated costs. Truncation was employed to examine the effect of outlier cases on average costs and was set at 3 standard deviations from the mean. Any costs that exceeded 3 standard deviations from the mean were truncated at that level. Aggregate costs and utilization before and after insulin initiation were compared, along with performance of a postinsulin costtrending analysis. The aggregate cost and utilization analysis included the entire 9-month preinsulin and postinsulin time period (18 months in total). The trending analysis evaluated the costs of health care services in 60-day periods in months 0 to 2, 2 to 4, 4 to 6, and 6 to 8 after insulin initiation, compared to the 2-month preinsulin period. The final 30 days of month 9 were not included in the trending analysis since all comparisons were performed using mutually exclusive 60-day periods. Diabetes-related drugs were identified using the Medispan 14-character GPI coding system. Medications with a GPI starting with "27" (representing the drug group category of antidiabetic agents of the 14-character code) were classified as antidiabetic drugs and included in the disease-related category, as were diabetic supplies with a GPI starting with 9720 (representing the drug class of diabetic supplies). Diabetes-related medical costs were defined as all medical claims associated with an ICD-9 CM diagnosis code of 250. All confinements in which the discharge diagnosis was 250 were considered disease-related for the purpose of this study. All other confinements in which the admission diagnosis or any documented facility diagnosis during the admission was 250 were reviewed to determine if the facility cost was diabetes-related.
Statistical Analyses
Comparisons of cost and procedure utilization were analyzed using paired t tests and calculated using the PRT option of PROC MEANS in SAS version 8. 19 Statistical significance was set at P≤0.05. Multiple regression analysis was performed to test for differences in cost using patient comorbidities, age, gender, and geographic region as variables.
■■ Results
The study identified 215,024 patients (1.7%) of the overall database as having type 2 DM, of which 1,177 patients (0.5% of the patients with type 2 diabetes) met all study eligibility criteria. Patients' age, gender, and geographic region were similar for both cohorts (Table 2) . Of the 9 geographic regions, the Pacific region had the lowest representation in the data set (1.7% in the overall type 2 DM cohort and 0.6% in the study cohort), primarily due to the high degree of capitation financing of medical services in the marketplace and the resulting poor capture of medical claims associated with this managed care operational model. The Middle Atlantic, New England, and South Atlantic regions accounted for 65% of the study cohort. The comorbidities most prevalent in the study population included cardiovascular disease (55.7%), musculoskeletal-connective tissue conditions (41.5%), endocrine and metabolic disease other than diabetes (39.1%), and minor dermatological disorders (29.1%).
Disease-related and Total Costs and Utilization
Pharmacy and medical costs were measured over the entire 9-month preinsulin and postinsulin time period, resulting in an 18-month longitudinal analysis. Disease-related and total pharmacy and medical costs increased in the aggregated 9-month period after insulin initiation compared to the 9-month period prior to insulin use ( Table 3 ). The mean increase in diseaserelated pharmacy and medical costs were $144 (P<0.001) and $258 (P<0.001), respectively. Disease-related and total facility costs were not statistically different during these periods. Overall disease-related and total costs increased by a mean of $430 (P<0.001) and $2,220 (P<0.001), respectively. Mean differences in disease-related and total truncated costs were less than the unadjusted data, but remained statistically significant.
The overall increase in medications and prescriptions filled between the preinsulin and postinsulin time periods were also statistically significant (P<0.001). This is consistent with the results for the disease-related and overall pharmacy costs in both measurement periods. Table 4 shows the comparison of preinsulin and postinsulin cost and utilization of the TOS categories for the total and disease-related analysis, including average differences in procedure utilization and costs. These results were calculated during the 9-month preinsulin and postinsulin analytic time period. Statistically significant increases in disease-related cost and utilization were found in the ancillary service categories of home health/hospice visits and services and supplies, while increases in drug utilization were found in the total health care service analysis. Office visits increased in the disease and total health care service categories, as did laboratory; obstetrics; physical medicine; radiology; and vision, hearing, and speech exams, while facility costs were unchanged. Table 5 compares disease-related and total health care expenditures preinsulin and postinsulin therapy. Average pharmacy, medical, facility, and total disease-related costs during the 2-month time period prior to insulin use were $125, $256, $250, and $631, respectively. Increases in pharmacy, medical, and total costs were noted in the 2-month period immediately after insulin initiation, although only increases in pharmacy costs were statistically significant (P<0.001). These cost increases began to reverse in postinsulin months 2 to 4, and fell below the preinsulin levels by months 4 to 6 in all categories except pharmacy. Facility costs decreased in all measurement periods. At months 4 to 6, medical (P=0.003), facility (P=0.013), and total costs (P=0.002) were all significantly below those of the 2-month preinsulin time period.
Trending Costs
Comparisons of postinsulin measures at various 2-month intervals demonstrate a consistent decrease in most cost categories as a patient moved out from the insulin trigger event. Pharmacy costs were the only component cost to remain above that of the preinsulin time period, increasing from 19.8% of total costs at baseline to 42.8% at postinsulin months 6 to 8.
The results for total costs parallel those for the disease-related category, with costs increasing in the initial 2-month period postinsulin initiation, then decreasing in the subsequent 2-month periods (Table 5 ). In the preinsulin period, pharmacy, medical, and facility components accounted for 10.5%, 28.0%, 
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and 61.5% of the overall total costs. This compares to 22.6%, 42.5%, and 34.9% at postinsulin months 6 to 8. Medical, facility, and total costs all decreased to levels below the 2-month preinsulin measurement period by months 2 to 4, while pharmacy costs continued to remain at levels above the preinsulin measurement period.
■■ Discussion
The results of this study demonstrate that while the total health care costs of patients with type 2 DM initially increase when insulin therapy is started, insulin use is associated with an overall decrease in long-term health care expenditures. The initial increase in health care costs was primarily due to an increase in 
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pharmacy and medical costs. Indeed, the number of drugs increased by 40% and the number of prescriptions increased by 31%. However, starting 2 months after insulin initiation, total costs and each component cost, except pharmacy, consistently decreased. Insulin has been utilized for more than 80 years in the management of diabetes and continues to serve as the definitive treatment of this disease despite the availability of newer pharmacologic modalities. Insulin analogs (e.g., insulin lispro, insulin aspart, and insulin glargine) are the most recent advancement in insulin therapy, attenuating many of the common barriers to traditional insulin use. The use of insulin analogs has provided a more physiologic approach to insulin dosing, allowing a basal/bolus regimen of insulin delivery com- parable to that of continuous subcutaneous insulin infusion (insulin pump theory). This "poor man' s" insulin pump method of intensive insulin therapy has allowed improved glycemic control, while lowering the risk of hypoglycemia, and improving patient convenience compared to traditional insulin therapy. [20] [21] [22] [23] The use of new insulin products, which lessen the clinical barriers to insulin use, may possess an even greater potential to reduce the overall economic burden associated with diabetes management.
Health Care Expenditures and Total Cost-Trending Analysis
Standardizing the pricing for all medical and pharmacy claims was necessary since the database contained members from different health plans with varying benefit designs. Professional and ancillary services were standardized to approximately 120% of the national Medicare payment level. Facility outpatient services were priced using cost-to-charge ratios. In order to create a standardized pharmacy cost, the average payment schedule (net plan after subtraction of member cost share) was applied to each pharmacy service, based on the National Drug Code and the metric quantity on each prescription claim.
An adequate amount of time was required in order to evaluate the cost and utilization of health care services before and after a patient with type 2 DM started insulin therapy. The 9-month data requirement used for defining this study population was adopted to ensure that a large enough population of patients was identified for the analysis while maintaining an adequate longitudinal study time frame. Member turnover in managed care is at such a rate that it is difficult to enroll a large study cohort with substantially more than 18 months of continuous enrollment when using administrative claims data. On average, 28.2% of a health plan' s membership disenrolls annually, according to the Health Plan Employer Data and Information Set national results. 24 Of the 215,024 members with type 2 DM in our database, the number of enrollees with 6, 9, or 12 months of data available before and after the start of insulin were 2,254, 1,177, and 325 members, respectively. The 9-month cohort was therefore chosen for this analysis, though consistent results were found when the same analyses were performed on the 6-and 12-month cohorts (data not shown).
The trending analysis individually compared 4 mutually exclusive 60-day postinsulin intervals with the 60-day time period immediately prior to the start of insulin. The authors chose to use the 60-day preinsulin period as a representation of the cost of health care services immediately prior to the initiation of insulin in patients with type 2 DM. These costs were then compared to the 4 postinsulin 60-day time intervals to trend costs after the initiation of insulin therapy (Table 5) . Consideration was given to analyzing average monthly costs, but, due to the variability in costs on a month-by-month basis, interpretation of the trending results would have been unreliable. The 60-day intervals were selected to reduce the variation that occurs in a month-by-month analysis while still preserving the ability to analyze postinsulin trending information.
Multiple regression analysis was performed to assess the impact of patient age, gender, comorbid disease, and geographic location on the subsequent change in disease-related and total patient costs. Using unadjusted as well as truncated costs and analyzing each cost component (prescription, medical, and facility), no specific variable was found to be consistently significant in affecting health expenditures. Spending on diabetes care has continued to increase in the United States, due, in part, to the epidemic increase in number of patients with DM. Cost-effective management of diabetes with insulin therapy has been shown to improve glycemic control in poorly controlled type 2 DM patients without adversely affecting quality of life. 25 Using insurance claims data, the results of this study demonstrate the utility of insulin therapy in reducing long-term health care costs in the management of patients with type 2 DM.
■■ Limitations
Using claims data for retrospective analysis provides several advantages, including access to a large study population with geographic and demographic diversity. The study design attempted to address several potential limitations of using administrative claims data in evaluating patients with type 2 DM. The lower age limit of 18 years was used to restrict the analysis to adult patients, removing any treatment differences that may be present in the pediatric and adolescent patient populations. The upper age limit of 65 years was used to remove the Medicare patient population because their medical benefits are typically different from that of the commercial population, which can limit the ability to capture all relevant claims data. All patients in the study cohort were confirmed to have both medical and pharmacy benefits during the analysis period and were continuously enrolled. This is a cost and utilization analysis only. The authors acknowledge that outcomes data would provide additional value to the study results. For instance, the ability to identify the patients who attained treatment goals could be helpful in analyzing the cost of effective treatment versus the overall treatment costs that were included in this analysis. Outcomes data, such as laboratory results, are not consistently available as an adjunct to administrative claims and therefore could not be included in this study. The ability to use hemoglobin A1C results, blood pressure measurements, body weight, and lipid levels would add to the results of this study. As most payers and insurers do not capture this information in their claims data, the authors could not report using these data. Other potentially valuable patient characteristics such as body mass index and vital signs at office visits were also unavailable. There is a trend toward more consistent and reliable capture of this information electronically, making efficient access to additional data elements a possibility in future research.
The authors chose to standardize medical and pharmacy costs across the database in an attempt to reduce bias in inter-
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pretation of the results. Standardization of prices (health plan costs) might have masked some of the regional variation in preinsulin and postinsulin costs. Any differences uncovered are therefore driven by the utilization factors and the choice of therapy not by variation in health plan costs associated with geographic region or drug or medical benefit design. The longitudinal time period used for the study was 18 months of continuous enrollment for each patient included in the analysis. This provided a 9-month preinsulin and 9-month postinsulin analytic window to study the differences in cost and utilization before and after the addition of insulin to the drug regimen. The authors recognize the value in using longer time periods, especially when studying chronic diseases such as DM. To expand the analytic time period, though, an alternate study design would be necessary that might impact the practical nature of performing this analysis.
■■ Conclusion
Initiation of insulin therapy in the management of type 2 DM was associated with an approximate 10% initial increase in health care expenditures, followed by a consistent and substantial 40% decrease in subsequent total health care expenditures 9 months following insulin start. This, coupled with the clinical effectiveness insulin offers to many patients with type 2 DM and the progress that has been made in removing the barriers to its use, appears to add support for clinicians to consider insulin therapy earlier in the diabetes treatment algorithm.
To maximize the clinical and economic benefit that insulin can offer patients with type 2 DM, clinicians need to determine the optimal time to introduce this treatment option into each patient' s regimen. While insulin may be therapeutically superior to oral therapies, its use may also be cost effective by reducing the cost and utilization of health care services in patients with this disease.
